

U.S. Hxpress Mail Label No.: EL 273 653 750 US 



15.32/5685 



METHODS FOR MANUFACTURING SEMICONDUCTOR CHIPS, METHODS 
FOR MANUFACTURING SEMICONDUCTOR DEVICES, SEMICONDUCTOR 
CHIPS, SEMICONDUCTOR DEVICES, CONNECTION SUBSTRATES AND 
ELECTRONIC DEVICES 

Inventors: Tadashi Komiyama, Akitoshi Hara, and Eiichi Sato 



incorporated by reference in its entirety. Japanese Patent Application No. 2001-14025, filed 
January 23, 2001, is hereby incorporated by reference in its entirety. 

Technical Field 

The present invention relates to methods for manufacturing semiconductor chips, 
methods for manufacturing semiconductor devices, semiconductor chips, semiconductor 
devices, connection substrates and electronic devices. More particularly, certain 
embodiments of the present invention relate to a method for manufacturing a semiconductor 
chip, a method for manufacturing a semiconductor device, a semiconductor chip, a 
semiconductor device, a connection substrate and an electronic apparatus, which inhibit or 
prevent electrical signal delays and promote the device miniaturization. 

Related Art 

In pursuit of greater performance and smaller size in electronic devices in recent 
years, a multiple package in which a plurality of semiconductor chips are disposed in one 
package is provided to achieve a higher performance and a smaller size in a semiconductor 
device. The multiple packages include those in which a plurality of semiconductor chips are 
arranged in plane, and those in which a plurality of semiconductor chips are stacked in 
layers in the thickness direction. Multiple packages with a plurality of semiconductor chips 

nrrntTM^^/-! in r^lnn^ rf^niiirt^ ^ \A irlp mmintino nrpfi ^nd thii*; hnv^p n t;mnl Ipr rontfihiit lon to the 

miniaturization of electronic devices. In this respect, stacked MCPs with slacked kiycred 
semiconductor chips are actively developed. 
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A conventional stacked MCP is described in, for example, Japanese laid-open patent 
application I IE! 6-37250. As described in the reference, when stacked semiconductor chips 
are electrically connected to one another, terminals of the respective chips are connected by 
wires. As a result, the electrical connections between the mutual semiconductor chips is 

5 complicated. Moreover, the higher the semiconductor chips are provided in the slacked 
layers, the more the semiconductor chips need to be reduced in size. This lowers the 
integration efficiency and the mounting efficiency. Also, when the integration of 
semiconductor chips is increased, gaps beiwecn the w irc^» bceoinc ^)riialier such that short- 
circuits may occur between the wires. 

10 Furthermore, in the conventional stacked MCPs, the semiconductor chips in the 

stacked layer are mutually bonded by an adhesive. This structure necessitates the steps 
including coating an adhesive and the like and complicates the process. 

Summary 

1 5 One embodiment relates to a method for manufacturing a semiconductor chip, the 

method including forming an electrode on a surface of a semiconductor chip, and then 
digging a hole from another surface of the semiconductor chip until the electrode is exposed. 

Another embodiment relates to a method for manufacturing a semiconductor chip. 
The method includes forming an electrode on a surface of a first semiconductor chip and 

20 thereafter forming a hole from an opposite surface of the first semiconductor chip until the 
electrode is exposed. The method also includes forming a protrusion by etching a surface of 
a second semiconductor chip and thereafter forming an abutting electrode on an apex section 
of the protrusion. The first semiconductor chip and the second semiconductor chip are then 
positioned such that the abutting electrode contacts the electrode, 

2s Another embodiment relates to a method for manufacturing a semiconductor de\ ice. 

I he method includes forming a metal film on a surface of a first semiconductor chip. A hole 
is formed through the first semiconductor chip by an anodic forming method using a resist 

tOaieU on an OpplJMlC ^UllciLC (.M mt him ^»wiiin^^.niuu*^ivn K^iiiy CI.-* LI iiici.Mx. 1 iiv. iiiwLCAi .iw.i 

then removed and an electrode formed on a portion of the surface of the first semiconductor 
M) chip in a manner to embed the hole. 
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Another embodiment relates to a semiconductor chip including an electrode formed 
on a surface thereof and a hole that exposes the electrode through an opposite surface 
thereof 

Another embodiment relates to a semiconductor device including a first 
5 semiconductor chip having a first electrode formed on a surface thereof and a hole through 
the first semiconductor chip that exposes the electrode. The device also includes a second 
semiconductor chip having a protrusion for insertion in the hole through the first 
semiconductor chip and an abutting electrode on llic pruti usion adapted to contact the first 
electrode. 

10 Another embodiment relates to a semiconductor device including a first substrate 

having a first electrode thereon and an opening extending through said first substrate, the 
opening positioned so that the first electrode extends across the opening. The device also 
includes a second substrate including a protrusion on which a second electrode is located; 
wherein the protrusion extends into the opening and the second electrode is electrically 

1 5 connected to the first electrode. 

Yet another embodiment relates to a method for forming a semiconductor device, 
including forming a first electrode on a first surface of a first substrate and forming an 
opening from another surface of the first substrate to the first surface, wherein a portion of 
the first electrode is exposed through the opening. The method also includes forming a 

20 second electrode on a second substrate, and positioning the second electrode in the opening 
and electrically connecting the first electrode to the second electrode. 

Brief Description of the Drawings 

Embodiments of the invention are described with reference to the accompanying 
25 drawings which, for illustrative purposes, are schematic and not necessarily drawn to scale. 

Figs. 1 ( 1 ) - 1 (4) show^ steps of forming a first semiconductor chip 1 2 in accordance 
with an embodiment of the present invention. 

r^- / 1 \ / 4 \ i_ ^ -T^ — ^ ^ « ,^ /-I r-rt t-*^ i /-*/^n/H I ir't/^r r'K 1 ] A. in 
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accordance with an embodiment of the present invention. 
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Figs. 3(1 ) - 3(2) show cross-sectional views of a first semiconductor chip and a 
second semiconductor chip that are connected to one another in accordance with an 
embodiment of the present invention.. 

Figs. 4(1 ) - 4(4) show manufacturing steps in which monocrystal silicon having a 
5 crystal orientation face of ( 11 0) is used for a first semiconductor chip 1 2 in accordance with 
an embodiment of the present invention. 

Fig. 5 shows an apparatus structure in which holes 26 are formed by an anodic 
forming method in a first semiconductor chip 12 that has N-typc monocrystal Silicon as a 
base material in accordance with an embodiment of the present invention. 
10 Figs. 6(1 ) - 4(4) show manufacturing steps for forming a metal film in the holes 26 

of the first semiconductor chip in accordance with an embodiment of the present invention. 



Detailed Description 

Certain embodiments of the present invention are designed to overcome at least 
some of the problems of the convenfional technique, and it is an object of certain 
embodiments of the present invention to electrically connect semiconductor chips in stacked 
layers to one another without using wires. 

One embodiment relates to a method for manufacturing a semiconductor chip and is 
characterized in comprising the steps of forming an electrode on a surface of a 

20 semiconductor chip, and then digging a hole from another surface such as a rear or opposite 
surface of the semiconductor chip until the electrode is exposed. A conduction member may 
be inserted in the hole formed in the semiconductor chip, and the conduction member is 
brought in contact with the electrode to establish electrical conduction between the two. As 
a result, the path between the electrodes becomes shorter and therefore signal delays are 

25 inhibited or prevented. 

A method for manufacturing a semiconductor chip in accordance with another 
embodiment is characterized in comprising: forming an electrode on a surface of a first 
semiconductor chip and thereafter digging a hole from, another surface such as, for example, 
an opposite surface of the first semiconductor chip, until the electrode is exposed, forming a 

3f) protrusion by etching on a surface of a second semiconductor chip and thereafter forming an 
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abutting electrode on an apex section of the protrusion, and superposing the first 
semiconductor chip and the second semiconductor chip such that the abutting electrode 
contacts the electrode. The protrusion formed on the surface of the second semiconductor 
chip may be inserted in the hole formed in the first semiconductor chip, and the abutting 

5 electrode that is formed at the apex section (the tip) of the protrusion formed on the surface 
of the second semiconductor chip is brought in contact with the electrode. In this manner, 
the first semiconductor chip and the second semiconductor chip are superimposed on top of 
the other to establish electrical conduction beiwccu the electiode and the abutting electrode. 
As a result, the path between the electrodes becomes shorter and therefore signal delays are 

10 inhibited or prevented. Also, there are no restrictions on the area of semiconductor chips to 
be superimposed. As a result, semiconductor chips having the same area can be stacked in 
layers, and thus the size of the apparatus main body can be miniaturized. 

A method for manufacturing a semiconductor device according to another 
embodiment is characterized in comprising: forming a metal film on a surface of a first 

15 semiconductor chip, forming a hole by an anodic forming method using a dielectric layer 
such as a resist layer coated on a opposite surface of the first semiconductor chip as a mask, 
thereafter removing the metal film, and forming an electrode on a surface of the first 
semiconductor chip in a manner to embed the hole. By this method for manufacturing a 
semiconductor device, an anodic forming method is used to form the hole. As a result, the 

20 time required for forming the hole is substantially shortened (for example, as compared to 
the etching speed). 

f^urthermore, in another aspect of certain embodiments, after the hole is formed, a 
metal film is grown on the electrode from the opposite surface. The metal film protects the 
electrode. Therefore, when the first semiconductor chip and the second semiconductor chip 
25 are superimposed on top of the other, the occurrence of damage to the electrode, which may 
be caused by the abutting electrode being brought in contact with the electrode, is prevented. 

A semiconductor chip according to another embodiment is characterized in 
comprising an eteciroue loiiiicu uii a ^uiia*^t un^iv^wi aina c* hk^i^ ^h^k ^.^y^^.-,^., ^.v, 
a opposite surface thereof A conduction member may be inserted in the hole formed in the 
30 semiconductor chip, to bring the conduction member in contact with the electrode to thereb\ 
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establish electrical conduction between the two. As a result, the path between the electrodes 
becomes shorter and therefore signal delays are minimized or prevented. 

A semiconductor device according to another embodiment is characterized in 
comprising: a first semiconductor chip having an electrode formed on a surface thereof and 

5 a hole that exposes the electrode through an opposite surface thereof, and a second 

semiconductor chip having a protrusion for insertion in the hole of the first semiconductor 
chip and an abutting electrode on the protrusion for contact with the electrode. Mutual 
electrical conduciion can be esiabushed dimply by stacking the semiconductor chips in 
layers. Also, the chips are connected to one another by their upper and lower surfaces. As a 

10 result, there are no restrictions in the area of semiconductor chips to be stacked, and 

therefore semiconductor chips having the same area can be superimposed, such that the 
miniaturization of semiconductor devices can be achieved. In this manner, electrical 
conduction between the electrode and the abutting electrode is established by stacking the 
first semiconductor chip and the second semiconductor chip on top of the other. As a result, 

1 5 the path betw^een the electrodes becomes shorter and therefore signal delays are minimized 
or prevented. Also, since there are no restrictions on the area of semiconductor chips to be 
stacked, semiconductor chips having the same area can be stacked in layers, and the size of 
the device main body can be reduced. 

A semiconductor device in accordance with another aspect of certain embodiments is 

20 characterized in that the first semiconductor chip and the second semiconductor chip have a 
crystal orientation face of (100). The same crystal orientation is given to both of the 
semiconductor chips. As a result, an etching process forms the same cross-sectional 
configurations, and therefore the semiconductor chips can be engaged (superimposed) with 
one another without a gap. Also, the semiconductor chips have the same thermal expansion 

25 when they are formed from the same material, and thus the semiconductor chips can be 
securely engaged with one another even when the ambient temperature changes. 

In another aspect of certain embodiments, a semiconductor device is characterized in 
thai the first semicoiiduciui clup ai'id the second semiconductor chip have a crystal 
orientation face of ( 1 10). The same crystal orientation is giv en to both of the semiconductor 

30 chips, in a similar manner as the semiconductor de\ ice described in the preceding paragraph. 
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As a result, an etching process forms the same cross-sectional configurations, and theretore 
the semiconductor chips can be engaged (superimposed) with one another without a gap. 
Also, the semiconductor chips have the same thermal expansion when they are formed from 
the same material, and thus the semiconductor chips can be securely engaged with one 
5 another even when the ambient temperature changes. 

hi another aspect of certain embodiments, a semiconductor device is characterized in 
that a metal film is coherently formed on the lower surface of the electrode, and the 

1 , 1 J ^1 , ^1^., + U^,^.i/tU+ /^/-.»-» + o/^f iiMtU cio/^U r\iU^r t Vt r /-^ 1 1 Vi ihf^ mCt^l 

eieClIDUC ailU lUC aUUmug CltCUUUC ai^ uiwu^nt m vwinci^i vvmi wc4v.li v/wiwi tiiiwc*i-,w ...^.v,. 

film. When the first semiconductor chip and the second semiconductor chip are 
10 superimposed on top of the other, the occurrence of damage to the electrode, which may be 
caused by the abutting electrode being brought in contact with the electrode, is prevented. 

In another aspect of certain embodiments, a connection substrate is characterized in 
that the semiconductor device set forth in any one of the preceding four paragraphs is used 
therein. Since the connection substrate uses the semiconductor device in which the path 
15 between the electrodes can be made shorter, and the integration efficiency and the mounting 
efficiency can be increased, signal delays in the connection substrate are prevented and the 
size of the connection substrate itself can be reduced. 

In another aspect of certain embodiments, an electronic apparatus is characterized in 
that the connection substrate set forth in the preceding paragraph is used therein. Since the 
20 electronic apparatus uses the connection substrate in which signal delays are minimized and 
the size thereof can be reduced, signal delays in the electronic apparatus are inhibited or 
prevented and the size of the electronic apparatus itself can be reduced 

Certain preferred embodiments including a method for manufacturing a 
semiconductor chip, a method for manufacturing a semiconductor device, a semiconductor 
25 chip, a semiconductor device, a connection substrate and an electronic apparatus are 
described in detail with reference to the accompanying drawings. 

f ig. 3(1 ) shows a cross-sectional view of a first semiconductor chip and a second 

SCi HiCl.MiUU\-L\.n i(> ^^VMIIIW^ LV^ X.M1W (^Ilv/Lll^.,l 1.. ^*>_^v.* ...... 

the present invention. As shown in Fig. 3( 1 ). a semiconductor device 10 in accordance w ith 
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this embodiment of the present invention is formed from a first semiconductor chip 12 and a 

second semiconductor chip 14, which are to be stacked in layers. 

The first semiconductor chip 12 is preferably formed from monocrystal silicon as a 

base material, and the preferred crystal orientation face of the monocrystal silicon is (100). 
5 Llements such as transistors, capacitors, resistances, and the like are formed in a lower layer 

below a dielectric layer formed on a surface 16 of the first semiconductor chip. The 

elements are connected to a metal wiring formed on the surface 16 by through holes formed 

in the dielectric layer, such that the elements may be electrically connected to an electrode 

18 formed at a tip of the metal wiring. 
10 The electrode 1 8 described above preferably has a two-layered structure having a 

tungsten layer 20 and an aluminum layer 22 formed on an upper surface of the tungsten 

layer 20. The tungsten layer 20 protects the electrode 18 from damage that may be caused 

by an etching process to form a hole (to be described below). 

A hole 26 is formed on another side of the surface of the first semiconductor chip 12 
1 5 where the electrode 1 8 is formed, as shown in Fig. 3( 1 ) , on opposite (or lower or rear) 

surface 24 of the first semiconductor chip 12. At least a portion of the hole 26 illustrated in 

Fig. 3(1) extends in a vertical manner through the chip 12. The hole 26 preferably has a 

square opening and a sloped surface angled at 54.74 degree with respect to the lower surface 

24 is formed at each of the edges of the opening. The tungsten layer 20 that forms the 
20 electrode 1 8 is exposed at a ceiling section of the hole. A conduction member may be 

brought in contact with the tungsten layer 20 to establish electrical conduction with the 

elements formed on or below^ the surface 16. 

A dielectric film (such as Si02) 28 is formed using tetraethylorthosilicate (1 LOS) or 

the like over an area including the lower surface 24 and the hole 26 except the electrode 1 8 
25 defining the ceiling section thereof of the first semiconductor chip 12. As a result, short 

circuits, which may be caused by a conduction member that is brought in contact with the 

lower surface 24, can be prevented. 

The other sem.iconductor chip of the semiconductor device 10, i.e., the second 

semiconductor chip 14 is also preferably formed from monocrystal silicon as a base 
30 material, in a similar manner as the first semiconductor chip 1 2. and the preferred crystal 

8 
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orientation lace ot^the monocrystal silicon is (100), in a similar manner as the first 
semiconductor chip 12. 

The second semiconductor chip 14 thus formed is provided on its surface 3 1 with a 
protrusion 30 that is preferably capable of male-female engagement with the hole 26, and an 

5 abutting electrode 32 is formed on an apex section of the protrusion 30. The height from the 
surface 31 to the abutting electrode 32 is preferably the same as the height from the lower 
surface 24 of the first semiconductor chip 12 to the tungsten layer 20 that defines the ceiling 
of the hole 26, such that the tungsten layer 20 and the electrode 32 can contact each other 
when the first semiconductor chip 12 and the second semiconductor chip 14 are 

10 superimposed on top of the other. A metal wiring 34 is lead out from the abutting electrode 
32, such that an electrical conduction to the elements formed on the surface of the first 
semiconductor chip 12 is established. 

The first semiconductor chip 12 and the second semiconductor chip 14 thus formed 
are superimposed on top of the other, as shown in Fig. 3(2), to thereby form the 

1 5 semiconductor device 1 0. In the present embodiment, the first semiconductor chip 1 2 and 
the second semiconductor chip 14 may be connected to each other by conductive adhesive 
36. When, for example, a pressure is applied from above and/or from below, the tungsten 
layer 20 and the electrode 32 are electrically connected to each other. The semiconductor 
device 10 thus composed does not impose restrictions on the size of the first semiconductor 

20 chip 12 or the second semiconductor chip 14. Accordingly, semiconductor chips having the 
same shape may be used, and thus the mounting areas can be effectively used. Also, since 
the signal path between the semiconductor chips can be shortened, signal delays can be 
inhibited or prevented. 

Also, when a connection substrate uses the semiconductor device 10 described above 

2s in which the path between the electrodes can be made shorter, and the integration efficienc\ 
and the mounting efficiency can be increased, signal delays in the connection substrate are 
minimized or prevented and the size of the connection substrate itself can be reduced. 

Lurthcrmorc, when an electronic apparatus is equipped with the connection substrate 
described abo\ e in which signal delays are inhibited or prevented and the size thereof can be 
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reduced, signal delays in the electronic apparatus are inhibited or prevented and the size of 
the electronic apparatus itself can be reduced 

Figs. 1(1) - 1(4) show steps of forming the first semiconductor chip 12 in accordance 
with an embodiment of the present invention. Fig. 1(1) shows a monocrystal silicon layer 

s having a crystal orientation face of (100) on its surface, and an electrode 18 formed on the 
monocrystal silicon layer. The electrode 1 8 may be electrically connected to elements, such 
as, for example, transistors, capacitors and resistors. 

The electrode 18 may be fonricd in the foliovving manner. The electrode 18 
preferably has a two-layered structure having a tungsten layer 20 and an aluminum layer 22. 

10 The tungsten layer 20 may be formed in the following manner. A Ti film is formed first to a 
preferred thickness of 70 - 200 angstroms by a sputter method, and then a TiN film is 
deposited thereon to a preferred thickness of 300 - 1000 angstroms by a reactive sputter 
method. Then, a plasma CVD is conducted using gases containing tungsten hexafluoride 
(WF6) as a main component gas, to thereby cover the surface 16 with tungsten that is a high- 

15 melting point metal. Then, the tungsten is etched back by a dry etching method using a 
mixed gas containing SF6 and Ar to remove excess portions of the tungsten and leave the 
tungsten only in an area that defines the electrode 1 8, to thereby form the tungsten layer 20 
that is a lower layer of the electrode 18. The excess portions of the tungsten may be 
removed by a CMP method instead of the etching back method. 

20 After the tungsten layer 20 is formed, the entire monocrystal silicon wafer is 

preferably placed in an argon atmosphere under pressures of 2 - 5 niTorr at temperatures of 
1 50 - 300''C, and a sputter process is conducted using a target, such as, for example, Al - 
Cu, Al - Si - Cu or Al - Si, with a DC input power of 9 - 1 2 kW, to form the aluminum 
layer 22 having the same compositions of the aforementioned target on the tungsten layer 

25 20. 

After the electrode 1 8 is formed over the first semiconductor chip 12, a hole 26 is 
formed from the surface 24 by an anisotropic etching method using an etching solution, such 
as. lor example, ICOIl solution or ethylenediaminc solution. Sloped sidcwalls oi the hole 26 
are formed at an angle of 54.74 degree with respect to the lower surface 24 (in other words. 
30 the crystal orientation face of (100)). The width of the opening in the lower surface 24 is set 

10 



U.S. Express Mail Label No.: EL 273 653 750 US 1 5.32/5685 

a specified value to form the hole 26 having the uniformly angled sidewalls. When the 
anisotropic etching advances, the etching solution reaches the electrode 1 8. However, since 
the electrode 1 8 has a two-layered structure formed from the tungsten layer 20 and the 
aluminum layer 22. and the tungsten layer 20 is not significantly eroded by the etching 
5 solution, the tungsten 20 that forms the electrode 1 8 is exposed at the ceiling of the hole 26. 
The cross-secUonal view after the etching is shown in Fig. 1 (2). 

After the etching is completed, a dielectric film (Si02) 28 may be formed over the 

,^ I .1 ..-I/^\7T^ .*U^^..r^;«,..+.-.+».r»r»+U»;I/-»»-tU/-»ciIir'atf3^TPO^^ till own 

opposite suriace oy a iiieiinai lj mcinvju u:)uifc \.>.iLuy.>.iij i^n.^i^'^'"^^'^^ v ■■ ■^•^'-'j, — — — -- 
in Fig. 1 (3). Since the dielectric film 28 is formed on the lower surface 24 of the first 
10 semiconductor chip 12, short circuits, which may be caused by a conduction member that is 
brought in contact with the opposite surface 24, may be prevented. 

Then, the dielectric film 28 covering the tungsten layer 20 is removed by a 
photoresist process or the like so that the tungsten layer 20 defining the ceiling section of the 
hole 26 is exposed. 

15 Figs. 2( 1 ) - 2(4) show steps of forming the second semiconductor chip 1 4 that is 

used for the embodiment of the present invention shown in Fig. 3(2). Referring to Fig. 2( 1 ). 
monocrystal silicon having a crystal orientation face of (100) on its surface is used as a 
substrate material, in a similar manner as the first semiconductor chip 12. 

As shown in Fig. 2(2). resist 38 is coated on an area corresponding to an apex section 
20 of a protrusion 30 on a surface 3 1 of the substrate, and then an anisotropic etching is 
conducted using an etching solution such as KOH solution or ethylenediamine solution. 

Fig. 2(3) shows a slate in which the anisotropic etching is completed. As shown in 
Fig. 2(3). when an anisotropic etching is conducted with the coated resist 38. areas other 
than the area coated with the resist 38 are removed, and thereby the protrusion 30 that is 
25 capable of male-female engagement with the hole 26 is formed. 

After the protrusion 30 is formed, the resist 38 is removed and a metal film is 
deposited thereon. Then, a photoresist process may be conducted and a metal wiring 34 is 

the pntire monocrvstal silicon wafer is placed 

ll.MillV^U. /^IIV-I LliW lllV-li^i ^ ■ ' - y 

in an argon atmosphere under pressures of 2 - 5 m'forr at temperatures of 1 50 - 300°C. and 
30 a sputter process is conducted using a target, such as. for example. Al - Cu. Al - Si - Cu or 
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Al - Si. with a DC input power of 9 - 12 kW, to form an abutting electrode 32 having the 
same compositions of the aforementioned target. 

In the embodiment shown in Fig. 3(2), the first semiconductor chip 12 and the 
second semiconductor chip 14 use monocrystal silicon having a crystal orientation face of 
( 1 00) on their surfaces. However, it is not limited to this particular crystal orientation, and. 
for example, monocrystal silicon having a crystal orientation face of (1 10) can be used for 
the first semiconductor chip 12 and the second semiconductor chip 14. Figs. 4( 1) - 4(4) 

snow manuiaciunng sieps 111 wincii iiiuinjs.i_yoiai jinw^n « . 

(1 1 0) is used for the first semiconductor chip 1 2. As shown in the figures, a hole 26 does 
not have sloped surfaces, but the hole 26 similarly has a ceiling section that exposes the 
tungsten layer 20. 

The hole 26 in the first semiconductor chip 12 shown in Figs. 4(1 ) - 4(4) is formed 
by an anisotropic etching method. However, other methods can also be used instead. Fig. 5 
shows an apparatus structure that is used when holes 26 are formed by an anodic forming 
method in a first semiconductor chip 12 that uses N-type monocrystal silicon as a substrate 
material. 

As shown in the embodiment illustrated in Fig. 5. an anodic formation apparatus 40 
is formed from a container 42 that is capable of charging hydrofluoric acid therein, an 
electrode 46 that is disposed in an upper portion of the container 42 in a manner to oppose 
the bottom of the container 42, a lamp 48 that is disposed above the electrode 46 and 
capable of irradiating the container bottom, and a power supply source 50 that applies a 
voltage between the electrode 46 and a first semiconductor chip 12 that is brought in the 
anodic formation apparatus 40. The first semiconductor chip 12 that is brought in the anodic 
formation apparatus 40 is in a state in which a dielectric film 52 (which may in certain 
embodiments be a resist layer) is formed in areas other than those areas where holes 26 are 
formed. The first semiconductor chip 12 with the dielectric film 52 formed thereon is 
disposed on the bottom of the contain 42. and hydrofluoric acid is introduced in the 

\rh the Hielectric film 52 is formed is irradiated by the 
lamp 48. and a voltage is applied by the power supply source 50 between the electrode 46 
and a platinum electrode 44 that defines an electrode of the first semiconductor chip 12. By 
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this process, areas in the opposite surface of the first semiconductor chip 12 that are not 
covered by the dielectric film 52. in other words, regions where the holes 26 are to be 
formed, are cut. As a result, the holes 26 are formed. When an anodic formation is used to 
form the holes 26 in this manner, the time for forming the holes 26 may be substantially 

5 shortened, compared to the step of forming the holes 26 by an etching method. 

After the holes 26 are formed, the platinum electrode 44 is removed, a sputtering or 
the like may be conducted to newly form an aluminum electrode, the dielectric film 52 is 
removed from the opposite surface 24. and a dielectric film (SiO:) 28 is newly formed by n 
thermal CVD method using tetraethylorthosilicate (TEOS). 

10 Figs. 6(1 ) - 6(4) show manufacturing steps of forming a metal film within the hole 

26 in the first semiconductor chip in accordance with an embodiment of the present 
invention. 

Fig. 6(1) shows a cross-sectional view of the first semiconductor chip 12 in a state 
after the electrode 1 8 and the hole 26 are formed. When the electrode 1 8 and the hole 26 are 

1 5 formed, a dielectric film (SiO:) 28 is formed by a thermal CVD method using 

tetraethylorthosilicate (TEOS). as shown in Fig. 6 (2). After the dielectric film 28 is formed, 
a metal film 54 is formed on the inside of the hole 26. as shown in Fig. 6 (3). The metal film 
54 may be formed by the following method. The first semiconductor chip 12 is placed in an 
argon atmosphere under pressures of 2 - 5 mTorr at temperatures of 1 50 - 300°C. and a 

20 sputter process is conducted using a target, such as. for example. Al - Cu. Al - Si - Cu or Al 
- Si. with a DC input power of 9 - 12 kW. to form the metal film 54 having the same 
compositions of the aforementioned target. When the first semiconductor chip 12 with the 
metal film 54 formed thereon and the second semiconductor chip 14 are stacked on top of 
the other, the abutting electrode 32 provided on the protrusion 30 of the second 

25 semiconductor chip 14 contacts the metal film 54. As a result, the occurrence of damage to 
the electrode 18. which may be caused by the abutting electrode 32. is prevented. 
Consequently, the electrode 18 is protected when the chips are stacked in layers. 

In accordance with certain embodiments, after an electrode is formed on a surface ot 
a semiconductor chip, a hole is dug from another surface of the semiconductor chip until the 
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electrode is exposed. As a result, the electrical path becomes shorter and therefore signal 
delays are prevented. 

Also, in accordance with certain embodiments, after forming an electrode on a 
surface of a first semiconductor chip and thereafter digging a hole from another surface of 

5 the first semiconductor chip until the electrode is exposed, a protrusion is formed by etching 
on a surface of a second semiconductor chip and thereafter an abutting electrode is formed 
on an apex section of the protrusion. Then, the first semiconductor chip and the second 
semiconductor chip are stacked on top of the other such that the abutting electrode contacts 
the electrode. As a result, electrical conduction between the electrodes of the semiconductor 

10 chips is securely established, the signal path is made shorter by stacking the semiconductor 
chips in layers, and therefore signal delays are inhibited or prevented. 

Also, in certain embodiments, a metal film is formed on a surface of a first 
semiconductor chip, a hole is then formed by an anodic forming method using a dielectric 
layer such as resist coated on an opposite surface of the first semiconductor chip as a mask. 

15 Then, the metal film is removed, and an electrode is formed on a surface of the first 
semiconductor chip in a manner to embed the hole. In this manner, an anodic forming 
method is used to form the hole. As a result, the time required for forming the hole may be 
substantially shortened (for example, as compared to the etching speed). 

It is noted that in certain embodiments, the semiconductor chip has an electrode 

20 formed on a surface thereof and a hole that exposes the electrode in a opposite surface 
thereof As a result, the electrical path becomes shorter and therefore signal delays are 
prevented. 

A semiconductor device may in certain embodiments include a first semiconductor 
chip having an electrode formed on a surface thereof and a hole that exposes the electrode in 
25 an opposite surface thereof, and a second semiconductor chip having a protrusion for 
insertion in the hole of the first semiconductor chip and an abutting electrode on the 
protrusion for contact with the electrode. As a result, the same effects as described above 
mav be obtained. Namely, the path between the electrodes becomes shorter and the size of 
the device main body in which the semiconductor chips are stacked can be reduced. 
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When a connection substrate uses the semiconductor device according to certain 
embodiments of the present invention, signal delays are prevented by the shortened path 
between the electrodes, and the size of the connection substrate itself can be reduced. 

Furthermore, in an electronic apparatus using the connection substrate in accordance 
with certain embodiments, effects similar to those obtained by the connection substrate can 
be achieved, namely, signal delays are prevented by the shortened path between the 
electrodes, and the size of the connection substrate itself can be reduced. 
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